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Objectives: to determine safe and optimal intervals of rescreening and surveillance for AAA.
Methods: hospital-based mass screening of 6339 65–73-year-old men from 1994–98. 76.4% attended. One hundred and
ninety-one (4%) had AAA [3 cm. Twenty-four (0.5%) were initially >5 cm and referred for surgery, while the rest were
offered annual control scans to check for expansion. Later, all 348 (7.5%) men who 3 to 5 years ago had an ectatic aorta
(infrarenal aortic diameter of 25–29 mm or distal/renal aortic diameter ratio >1.2) were offered rescreening. Of these, 62
(18%) died before rescanning, while 248 of the survivors attended rescreening (87%). Furthermore, a random sample of
380 of those with non-ectatic aortas were offered rescreening. Of these, 49 (13%) died before rescreening (p=0.06), while
275 (83%) of the survivors attended re-screening.
Results: none of the controls had developed AAA. Of those who initially had an 25–29 mm aorta, 29% had developed
AAA (size range 30–48 mm) with expansion rates varying from 1.0 to 4.7 mm/year. Only 3.5% with a ratio >1.2
developed AAA (size range: 30–34 mm) with expansion rates from 1.3 to 2.4 mm/year. During the fourth year of
surveillance some AAA initially sized below 3.5 cm expanded to above 5 cm, while some sized 3.5–3.9 cm did so during
the second year, >4 cm did so during the first year of surveillance.
Conclusion: rescreening for AAA can be restricted to initially ectatic aortas sized 25–29 mm at 5-year intervals.
Surveillance of small AAA can be restricted to 1–4 year intervals.
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Introduction the offer of screening produces transient anxiety.9,10
Consequently, an optimal selection to rescreening must
Previous reports suggest benefit for abdominal aortic be developed together with determination of the long-
est but still safe interval between the screening ses-aneurysms (AAA) scanning.1,2 Several large ran-
domised screening trials are taking place in England, sions. Furthermore, surveillance of small AAA also
causes psychological side effects.9,11 Consequently, con-Western Australia, and Denmark, together involving
above 100 000 men (the CASS Study). Consequently, trol scans of non-operated positive findings must be
kept safe but at a minimum. After 5 years of screeninga valid conclusion on the costs and benefits of screening
will be forthcoming. Based upon our initial careful for AAA, we have analysed our experiences to suggest
some recommendations for rescreening and sur-considerations,3 the previous reports, and the theor-
etical cost benefit and effectiveness analyses,1,4–8 re- veillance for AAA.
commendation of screening for AAA seems likely.
However, some questions will remain to be answered;
the prevalence of AAA increases with age. If screening
programmes start at the age of 65, initially non-AAA
men will live in average 10–15 years further. This
Patients and Methodscould easily be sufficient time to develop a clinical
important AAA. Consequently, rescreening will prob- Three substudies were used; the major initial cross-ably be needed. However, screening is expensive, and sectional hospital-based population screening study, a
prospective study of the screening diagnosed small
AAA, and a rescreening study of the screening diag-∗ Please address all correspondence to: J. S. Lindholt, Laerkevej 11,
8900 Randers, Denmark. nosed aortic ectasia.
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The studies were approved by the local scientific Rescreening study of aortic ectasia
ethics committee and reported to the data protection
authorities. Those who initially at screening 3–5 years ago had an
ectatic aorta defined as an infrarenal AP aortic diameter
of 25–29 mm or distal/renal aortic AP diameter ratio
>1.2 were recently offered rescreening together with
a random sample of 380 of those who at the same timePopulation screening study
initially had non-ectatic aortas.
From 1994–1998, the personal identification number,
name, and addresses of 12 665 65–73 years old males
Stastical methodswere provided by the health department of Viborg
county. After randomisation, 6339 were invited to an
Chi-square tests were used for comparison of fre-abdominal ultrasound scan.3
quencies in the two groups. The standard deviation ofTwo doctors and a nurse, all specially trained in
the interobserver variation12 was used in combinationultrasonography by the same instructor, performed
with the diameter change, to estimate how many ofthe patient studies with a strictly standardised method;
the new cases that were within the 95% limits forThe B-mode scans were carried out with one small
potential case of variation of the measurements. Es-Phillips SDR 1550 with linear 4 mHz transducer and
timations of the incidence were calculated as: cases ofcalliper light pen. The infrarenal aorta was first visu-
new AAA/observation time from the initial scanningalised anteroposteriorly in its entire length. Its antero-
to death or recreening concerning all screened menposteriorly (AP) and transversely (T) diameters were
without an initial AAA. The estimate assumes thatmeasured and recorded at their maximal sizes. In the
cases of death occured in the middle of the observationabsence of AAA or focal dilatation, the measurements
period, that the mortality among all the men withwere carried out just above the bifurcation. The aorta
normal aortas was the same as in the control groupwas then scanned proximally up to the left renal vein,
and the amount of new AAA among non-attenderswhere the AP and T were measured. In the absence
and those who died is the same as among the attenders.of the vein, the measurements were carried out as
The expansion rates were calculated as the change inproximal as possible.
AP diameter relative to the observation time trans-Initially, the nurse and one of the doctors validated
formed to years, and compared between subgroupstheir measurements by approximately 100 double
with Kruskal–Wallis tests.measurements; 95% of these measurements were
within 2 mm variation.3 Only the two doctors did
follow-up scans. Their interobserver variation was Results
evaluated in a double blinded study in order to study
the validity of ultrasonographic scans as screening Population screening study
method for AAA. It was similar to the above mentioned
interobserver variation with a standard deviation of The distal part of the infrarenal aorta could be visu-
0.84 mm.12 alized in 99.7%, the entire infrarenal aorta in 98.5%
and the crossing of the left renal vein in 62%. The
mean distal anterior–posterior diameter (AP) was
17.9 mm (SD 2.9), excluding AAA (Fig. 1). The mean
Prospective study of small abdominal aortic aneurysms proximal AP diameter was 18.4 mm (SD 2.5), excluding
AAA. The mean ratio between the distal diameter and
An AAA was defined as being an AP or T infrarenal the proximal AP diameter of non-aneurysmal aortas
aortic diameter of >30 mm. Patients with an AAA was 0.97 (SD 0.14); 2.5% had a ratio above 1.3, and 5%
were invited to consult the doctor for information had a ratio above 1.2. Of the patients with a higher
and examination. AAAs of >5 cm were referred to ratio than 1.2, 40% had a distal aortic diameter <25 mm.
a vascular surgeon. The rest were offered annual
follow-up examinations, and referred for vascular
surgery if the AAA expanded to a size above 5 cm. Prospective study af small abdominal aortic aneurysms
The expansion rate was calculated as the change
in AP diameter relative to the observation time In all from 1994–1998, 6339 have been offered screen-
ing, and 191 (4.0%) of the attenders had AAA. Thetransformed to years.
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Table 1. Number and fraction amount of small abdominal aortic aneurysm and ectasies exceeding 5 cm in diameter during 1–5 years
of surveillance.
Initial Expansion rate 1st year 2nd year 3rd year 4th year 5th year
size (mm) mm/year (SD) Y/N Y/N Y/N Y/N Y/N
25–29 0.7 (1.0) — — 0/48=0.00 0/46=0.00 0/44=0.00
30–34 2.0 (1.6) 0/86=0.00 0/69=0.00 0/63=0.00 3/53=0.06 3/42=0.07
35–39 3.2 (3.5) 0/34=0.00 3/29=0.10 5/19=0.26 0/10=0.00 3/07=0.43
40–44 4.2 (3.0) 4/24=0.17 6/17=0.35 2/09=0.22 0/05=0.00 2/03=0.66
45–49 5.3 (2.0) 6/7= 0.86 1/1=1.00 0/0=0.00 0/0=0.00 0/0=0.00
Y=cases exceeding 5 cm in diameter.
N=cases not exceeding 5 cm in diameter.
Table 2. Rescreening of men with normal and ectatic aortas. Frequency of
interval cases of AAA.
n AAA
n (%) AAA-range (mm)
Relative size defined ectasia
Ratio >1.2 & <25 mm 86 3 (3.5) 31–34
Ratio >1.2 & 25–29 mm 70 23 (33) 30–41
Absoulte size defined ectasia
25–29 mm & ratio <1.2 92 22 (24) 30–48
25–29 mm & ratio >1.2 70 23 (33) 30–41
25–29 mm & total 162 45 (28) 30–48
Total ectasia
Ectasies, total 248 48 (19) 30–48
Controls 275 0 (0) —
diameters of the initially diagnosed AAA were >5 cm diagnosed after 3 and 4 years were >4.5 cm, and none
in 24 (0.5% of the scans); 50–59 mm in 16, 60–69 mm of the AAA diagnosed after 5 years were >5 cm. Con-
in 5, 70–79 mm in two, and 95 mm in one. Of the sequently, none of the ectatic cases have been operated.
remaining 167 diagnosed small AAA, 39 have ex- Neither have any, who initially had a non-ectatic aorta,
panded expanded to sizes requiring operation (Table been operated for AAA after screening.
1). During the fourth year of surveillance, some AAA The interval cases of AAA had, on average, ex-
initially sized 3–3.5 cm had expanded to above 5 cm, panded 9 mm (range 3–23 mm). Thus, all of the new
while some of those between 3.5 and 4 cm in size did cases were the result of a change in diameter that was
within two years, and most of those above 4 cm did outside the 95% limits but also outside the 99% limits
with the first year of surveillance. for the variation of our measurements.12
One of the small AAA (0.6%) sized 3.6 cm were The mean expansion rate was 1.86 (range 0.6 to
operated during the first year of surveillance because 4.7) mm per year among those developing AAA. Of
of symptoms of rupture. these, more than one third expanded more than 2 mm/
year, and 15% expanded >3 mm/year. For comparison,
those initially diagnosed with a small AAA expanded,
on average, 2.8 mm/year, 55% expanded >2 mm an-Rescreening study of aortic ectasia
nually, and about a third expanded >3 mm/year (Table
3). The estimated incidences af AAA among 65–73An ectatic aorta was diagnosed in 348 (7.5%) men,
year old men was 2.6 per 1000 per observation years.and the survivors were offered rescreening. Sixty-two
Of those having an initial ratio >1.2, 17% had de-(18%) had died before the time rescreening, and 248 of
veloped an AAA. However, only three (3.5%) of thosethe survivors attended re-screening (87%). Concerning
with an initially ratio >1.2 and a diameter below 25 mmthe random sample of men with non-ectatic aortas, 49
had developed an AAA which only ranged from 31(13%) had died before rescreening (p=0.06), while 275
to 34 mm in diameter, while 33% developed AAA of(83%) of the survivors attended re-screening.
those who also had a diameter of 25 mm or more.None of the controls had developed an AAA, while
In all of those with an initial diameter of 25 mm or48 (19%) of the initially ectatic aortas had become
aneurysmal (p<0.001) (Table 2). None of the aneurysms more, 28% developed AAA with a size range from
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Table 3. Rescreening of men with normal and ectatic aortas. Expansion rates compared to initial AAA.
All Expansion rates, all AAA Expansion, AAA
n mm/year SD Range mm/year SD Range
<25 mm, ratio >1.2 86 0.3 0.8 −1.6–2.4 3 1.9 0.5 1.3–2.3
25–29 mm, ratio <1.2 92 0.7 1.2 −2.0–4.6 22 2.2 1.1 0.9–4.7
25–29 mm, ratio >1.2 70 0.5 0.9 −2.0–2.9 23 1.4 0.6 0.5–2.9
p-value 0.1 0.0
Ectasia 248 0.5 0.9 −2.0–4.7 48 1.8 0.9 0.5–4.7
No AAA at rescreening 200 0.2 0.68 −2.0–2.0 — — — —
Initial small AAA 167 2.8 2.6 −0.5–17.5 136 2.8 2.6 −0.5–17.5
Controls 334 0.2 0.7 −1.6–3.6 — — — —
Table 4. Rescreening of men with aortic ectasia aortas concerning initial maximal infrarenal aortic diameter. Frequency of AAA and
their expansion rates.
Initial n Expansion rate, all AAA Expansion rate, AAA
diameter mm/year SD Range n Mean-size % mm/year SD Range
mm (range)
25 47 0.5 0.7 −1.4–3.4 5 33 (30–37) 10 1.9 0.9 0.9–3.4
26 47 0.8 1.3 −2.0–4.7 16 36 (30–48) 34 2.2 1.1 0.7–4.7
27 34 0.6 0.8 −0.9–3.1 11 33 (31–41) 32 1.4 0.6 0.7–3.1
28 26 0.5 0.98 −1.3–2.7 10 34 (30–41) 38 1.4 0.5 0.9–2.7
29 8 0.6 1.76 −2.0–3.1 3 38 (32–42) 37 2.1 1.3 0.5–3.1
p-value∗ 0.9 0.04 0.32 0.1
∗ p-values of Kruskal–Wallis test or Chi square test to analyse for differences in frequency and rates between the five groups.
30–48 mm. About one third of those measuring 29 mm and 31 mm aortas. This could explain why only
26–29 mm initially developed AAA, while only 10% eight cases measuring 29 mm were observed.
of those initially measuring 25 mm did (p=0.04). How- A definition based on the relative size was made
ever, neither the mean AAA size and mean expansion because Swedish and Norwegian screening studies
rate differed between the size-subgroups (Table 4). have used a relative size ratio of 1.5 as a definition of
AAA.13,14 Consequently, some ratios below 1.5 could
be considered ectatic or pre-aneurysmal. The cut-off
point of 1.2 was made due to the fact that 5% of allDiscussion
the ratios in non-aneurymal aortas were above this
ratio. However, only 3.5% of those with a diameter ofIt could be said that many or most of the new AAAs
25 mm but a ratio above 1.2 developed AAA, and thesewere surely the result of variation in the meas-
aneurysms were very small and slowly expanding.urements. However, we have earlier reported a val-
The cut-off point of 25 mm was chosen because otheridation study of the measurements.3,12 Based upon
screening studies have used it,15,16 and because 5% ofthe findings, all of the new cases were caused by
the non-aneurysmal aortas in our study were 25 mmdimensional changes outside the 99% limits for the
or more in diameter. Apparently, rescreening seemsvariation of the measurements.
appropriate because almost 20% of them expand toIt could also be said that a large part of the ectatic
aneurysmal dimensions. None reached 5 cm in 5 years.cases were false negatives at the initial screening. The
Consequently, rescreening could be restricted to 5-earlier reported standard deviation of the interobserver
year intervals, and to those who initially have anvariation of measurement suggests that 12% and 1%
infrarenal aortic diameter between 25 and 29 mm.of the aortas measuring 29 and 28 mm, respectively,
A screening trial involving almost 8000 men andmay be false negatives corresponding to only 1–2 cases
women reviewed mortality and operation records,(Table 3).
and none with an aorta below 3 cm in diameter hadFurthermore, the initial diameter distribution sug-
experienced ruptured AAA after the first 5 years.1gests that in cases just below the definition of an AAA
However, these conclusions were on the basis of official(30 mm), efforts at the initial scanning have been taken
mortality data in an area with a low autopsy rate.place in order to be sure that an AAA was not missed
because the frequency of 30 mm aortas is higher than Furthermore, the screened population was older (65–80
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